Guide leaflet, geological science field trip, Potomac-Danville area : Vermilion County, Potomac and Fithian 15-minute quadrangles, Danville NW 7 1/2-minute quadrangle by Reinertsen, David L.
• 
• 
ri.GS' 
<Qu L- lq '1~- E'" 
GUIDE LEAFLET 1972-E 
GUIDE LEAFLET 
GEOLOGICAL SCIENCE FIELD . TRIP 
POTOMAC-DANVILLE 
Vermilion County 
Potomac and Fithian 15- Minute Quadrangles 
Danville NW 7t-Minute Quadrangle 
• 
AREA 
ILLirJOIS GEOLOGICAL 
SU; \VEY u ·JR , Y 
APR 2 1974 
David L. Reinertsen, Dwain J. Berggren, 
Host- Potomac High School 
Sponsored by the 
ILLINOIS STATE GEOLOGICAL SURVEY 
and Myrna M. Killey 
\ 
.. 
"' . 
.. . ' . 
. ~ .. 
l •• 
. . . 
. 
\ p ,, 
... 
October 7, 1972 
Urbana 61801 

TO THE PARTICIPANTS: 
fLU 'OIS STATE 
GEOLOGICAL SURVEY 
. LIBRARY 
The Geological Science Field Trip program is designed to acquaint 
Illinois residents with the landscape, the rock and mineral resources, and 
the geological processes that have led to their origin. With this program, 
we hope to stimulate a general interest in the geology of Illinois and a 
greater appreciation of the state's vast mineral resources and their impor-
tance to the over-all economy. 
We encourage you to ask the tour leaders any questions that may 
occur to you during the trip. Discussion often clarifies points that 
otherwise would remain confused to many of the participants. We also invite 
your written comments upon the conduct of the trips so that we might improve 
them as much as possible. 
Additional copies of this guide leaflet, as well as itineraries 
for field trips that have been held in the past, may be obtained free of 
charge by writing to the Illinois State Geological Survey. The itinerary 
maps for each field trip can be purchased for 10 cents each. 
Several of the stops along this itinerary are located on private 
property whose owners have graciously given us permission to visit their 
lands. Please obey the instructions of your trip leaders and conduct 
yourselves in a manner that will show respect for the property owners' 
cooperation. Please do not litter, or climb on fences, and leave all gates 
as found, so that we may be welcome to return on future field trips. These 
simple rules of courtesy also apply to public property as well. For the 
convenience of those persons who may use this itinerary at some future 
time, the names and addresses of every private property owner are listed 
for the respective stops on a page at the back of this guide leaflet. 
Whenever possible, always attempt to obtain permission when visiting 
private property. 
We hope that you enjoy today's field trip and will attend others 
in the future. 
THE STAFF 
EDUCATIONAL EXTENSION SECTION 
ILLINOIS STATE GEOLOGICAL SURVEY 
POTOMAC-DANVILLE GEOLOGICAL SCIENCE FIELD TRIP 
INTRODUCTION 
During the Pleistocene Epoch, commonly referred to as the "Great Ice Age," 
the Potomac-Danville area was covered several times by large continental glaciers. 
The accumulations of these glaciers, deposited during the Kansan, Illinoian, and 
Wisconsinan Ages (see attached Pleistocene Time Table), range in thickness from a 
few feet to more than 300 feet, and cover the bedrock surface. No deposits of 
Nebraskan age are found in this area, and it is probable that the Nebraskan glacier 
did not enter eastern Illinois. 
Physiographically, the Potomac-Danville area lies within the Bloomington 
Ridged Plain, a region of gently rolling terrain crossed by many glacial end moraines. 
This topography was produced by the Woodfordian glacier (mid-Wisconsinan) about 
15 thousand years ago and has been only slightly modified by post-glacial erosion 
and the action of present streams. The relatively fresh glacial topography, lack of 
dissection, and poor drainage of the region reflect the recency of its glaciation. 
The field trip area occurs among three of the Wisconsinan end moraines--the 
Paxton, Gifford, and Newtown Moraines (fig. 1 and Itinerary Map). These end moraines 
are low hummocky ridges that trend in a general east-west direction. Where the 
Paxton Moraine is widely separated from the Illiana Morainic System (Newtown and 
Gifford Moraines) along the northeastern part of the field trip area, the Illiana 
ground moraine generally is flat, except where stream valleys have cut into it. 
Sand and gravel outwash from the glacier that made both the Paxton Moraine and the 
Illiana Morainic System mantles and flattens the land surface in front of the 
moraines. 
Streams draining the area flow southeastward to the Wabash River. The 
principal stream, the Vermilion River, came into existence during the stand of the 
glacier that made the Chatsworth Moraine less than 15,000 years ago. This latter 
readvance of the glacier formed a moraine that is younger than the Paxton Moraine 
and lies north of it. 
Geologically, the Potomac-Danville area is underlain by about 6,500 feet · 
of sedimentary bedrock strata consisting principally of limestone, sandstone, and 
shale that occur beneath the glacial drift. These rocks were laid down layer by 
layer in the ancient seas that covered Illinois and the Midwest during the Paleozoic 
Era, between about 550 and 280 million years ago. The rocks immediately beneath 
the glacial drift belong to the Pennsylvanian System, which contains valuable coal 
beds (fig. 2). From 350 to 400 feet of Pennsylvanian strata underlie the field trip 
area and include two coal beds of minable thickness--the Danville (No. 7) Coal and 
the Herrin (No. 6) Coal Members--both of which formerly were mined extensively. 
Only about the top 80 feet of these strata are exposed in this vicinity. Approxi-
mately 6,100 to 6,150 feet of Mississippian, Devonian, Silurian, Ordovician, and 
Cambrian rocks are known only from deep drill holes. The base of the Cambrian strata 
rests upon a basement of Precambrian igneous and metamorphic rocks more than one 
billion years old (fig. 3). 
Structurally, the Potomac-Danville area is situated on the northeastern 
margin of the Illinois Basin, a large spoon-shaped depression underlying most of 
Illinois and adjacent parts of Kentucky and Indiana (fig. 3). The basin is filled 
with Paleozoic sedimentary rocks. Beginning in late Cambrian time, about 500 million 
years ago, the Illinois Basin became a slowly sinking region, and the subsidence 
continued intermittently until the end of the Pennsylvanian Period, some 280 million 
years ago. The Paleozoic strata thicken to more than 13 thousand feet toward the 
deepest part of the basin in extreme southeastern Illinois. 
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EXPLANATION 
Named M?raines 
~Ellis 
~f;l)!!r~~~~!~;~Jl~li Paxton Fithian 0 0 
Ogden 
Newtown 
~ Urbana 
Fig. 1 - W~odfordian moraines in the Potomac-Danville area when the glacier was depositing the 
Chatsworth moraine. 
The bedrock strata in the Potomac-Danville area form a broad, gentle 
depression, or downwarp, known as the Marshall Syncline (fig. 2). The strata on the 
east flank of the syncline in east-central Indiana rise onto a broad uplift known as 
the Cincinnati Arch. On the west the Marshall Syncline is bordered by another large 
uplift known as the La Salle Anticlinal Belt, which brings strata as old as Silurian 
to the bedrock surface in western Champaign County (see attached Geologic Map of 
Illinois). The La Salle Anticlinal Belt is not a simple fold but consists .of a zone 
up to 25 miles wide in which the strata are deformed into several anticlines and 
synclines. The Marshall Syncline can be traced from the southern boundary of Iroquoi 
County southward as far as Crawford County, where it merges with the La Salle Anti-
clinal Belt. The syncline plunges gently southward along its axis as far as Clark 
County and then rises near its southern extremity. 
EXPLANATION 
Pennsylvanian 
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Carbondale Formation 
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MARSHALL 
Fig. 2 - Generalized ge~logic map of the bedr1ck strata below the glacial drift in the Potomac· 
Danville area. The cross section shows the c~nfiguration of the bedrock strata in the Marshall Syn-
cline. The edge of the La Salle Anticlinal Belt rising toward the west in Champaign C?unty is sho~~ 
on the left. The vertical scale of the cross section is greatly exaggerated. 
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Danville 
J"~ 
100 Miles 
---· ---- --------- --- - ------
Fig. 3 - North-south cross section through Illinois showing 
the Paleoz~ic strata in the Illinois Basin. 
In 1970 Illinois produced over 52.7 million tons of 
$83.1 million. 
MINERAL PRODUCTION 
Vermilion County, in 
which the Potomac-Danville area 
is situated, ranked 38th out of 
100 Illinois counties reporting 
mineral production for 1970. 
Minerals produced had a value of 
more than $4.6 million, or near-
ly 0.7 percent of the $716.3 
million production value for the 
entire state in that year. In 
decreasing order of value, the 
minerals produced in this count; 
were stone, coal, clay products, 
gravel, and common sand. In 
addition to being used as ag-
stone, the stone, along with 
sand and gravel, is used for 
various purposes in the build-
ing and construction industries. 
crushed stone valued at more than 
The state also produced more than 64.8 million tons of bituminous coal 
valued at over $319.2 million. Illinois ranked fourth nationally in the production 
of coal during the year. More than $53.9 million worth of clay products were manu-
factured in 1970. Illinois also produced more than 21.3 million tons of gravel and 
more than 17.7 million tons of common sand, together worth more than $43 million. 
The state total for the five minerals produced in Vermilion County amounted to $499.4 
million in 1970. Coal is no longer produced in Vermilion County. 
0.0 0.0 
0.2 0.2 
0.1 0.3 
0.2 0.5 
0.1 0.6 
ITINERARY 
Line up on east driveway at the grade school. Turn left (east) on 
U.S. Route 136. 
Prepare to turn right (south). 
Turn right. PRIVATE farm lane. Permission to visit the property must 
be obtained from ~tr. David Malcolmson, Rural Route 1, Potomac, Illinois 
61865. 
Large pond in an abandoned part of the gravel pit to the right. 
Stop 1. The Malcolmson Farm--an example of multiple land use and a 
discussion of the Potomac artesian well field. NW~ NE~ Sec. 11, T. 21 N. 
R. 13 W., Vermilion County. Potomac 15' quadrangle. 
At one time much of this property of more than 100 acres was farmed. Some 
of the marginal farmland along the valley walls of the Vermilion River was found to 
have rather extensive gravel deposits close to the surface. These deposits were 
worked for local use for several years, probably from sometime in the 1920s until the 
early 1940s. As so frequently happens, abandoned portions of the pits were used for 
open dumps. The Malcolmsons acquired the property in 1944 and began an extensive 
clean-up campaign. In addition to cleaning up the diggings, they shaped them to 
J 
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retain water in a series of attractive ponds, and then landscaped the area with small 
trees and shrubs. 
Although Mr. Malcolmson has periodically worked the gravel deposits himself 
or has had them worked, he has maintained an active reclamation program on the prop-
erty, which has resulted in this most attractive park-like area. This property, then, 
illustrates what can be done to an aesthetically unattractive area with some fore-
thought, patience, and care. 
Potomac Artesian Field - Next to Malcolmson's home is a flowing artesian 
well. The simplest way to explain its working might be to compare it to a model of 
an artesian system like that shown in the sketch below. 
water 
recharge point 
2 4 
The drawing shows the side view of an aquarium partly filled with irregular layers 
of gravel and clay. Except at the left end where gravel comes to the surface, the 
clay layer is pressed tight against the glass sides of the aquarium 1 sealing the 
gravel layer under it. The surface of the gravel and clay exposed on top is the 
"land surface." Water is poured onto the gravel exposed at the left end until it 
can be seen filling the spaces between the gravel and rising to the line labeled 
"water level. 11 The gravel layer is now an "aquifer"--a body of porous and permeable 
material saturated with ground water that is confined (kept from moving upward) by 
the less permeable layer, the clay. The place where water enters the aquifer is 
called the "recharge point." 
Four holes representing water wells are bored into the materials next to 
the side of the aquarium. Glass tubes pushed into the holes permit observation of 
the water levels in the wells. Well 1 is a "water table well" dug into the water-
saturated material. Well 2 (the same depth as well 1) is dry, or nearly so, because 
it is finished in clay, which only permits water to pass slowly into the well. Wells 
3 and 4 are "artesian wells," in which water rises above the top of the aquifer. 
Well 4 is a "flowing artesian well" because the water in the well rises above the 
land surface--if the tube were broken off even with the land surface, water would 
gush out of the well. When the model aquifer is filled, the water in wells 1, 3, 
and 4 immediately rises to the same level. 
In important ways the flowing artesian wells in and near Potomac resemble 
the model, but their situation is evidently not so simple. Like the aquifer in the 
model, the aquifers here are layers of sand and gravel generally overlain by clayey 
I 
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glacial tills. Not just one, however, but two principal layers are encountered at 
about 80 and 130 foot depths and there are several thinner layers. (A deeper gravel 
deposit, for example, with an untested water-yielding potential rests on the bedrock 
surface at a depth of 200 feet or more.) The Malcolmson well is almost 150 feet 
deep, evidently penetrating the "130-foot" layer. 
Like the model, these artesian waters will stand at nearly the same level 
--that elevation being about 675 feet. If the top of a well in the Potomac artesian 
field is lower than 675 feet, and if it is finished in a good water-bearing sand or 
gravel, it will flow. The ground level elevation at the Malcolmson well site, for 
instance, is about 665 feet. The highest surface elevation in the town is little 
more than 670 feet. 
As in the model, the ground water in the field is confined in the sand 
and gravel aquifers by overlying layers of clayey, relatively impermeable glacial 
till. Most of the gravel and sand aquifers in the Potomac artesian field are prob-
ably glacial outwash deposits. The 80- and 130-foot layers are in Illinoian glacial 
deposits. The sand and gravel excavated near the surface in the pits here, along 
Bean Creek, and in many places along the Vermilion River bear water. These are 
Wisconsinan outwash deposits carried by meltwaters from the Woodfordian glacier 
while it deposited the Paxton, Ellis, and Chatsworth Moraines to the north. 
Neither the recharge points, the dimensions, shape, or capacity of the 
Potomac artesian field are known at this time, and these should be subjects of con-
cern and investigation before radically greater use is made of it. 
0.0 0.6 Leave Stop 1. Reverse itinerary and return to highway. 
0.3 0.9 STOP. U.S. Highway 136. Turn right (east). 
0.2 1.1 Crossroads. Continue ahead (east). 
1.25 2.35 Crossroads. Turn left (north) onto gravel. 
1.0 3.35 Crossroads. Continue ahead (north}. 
0.55 3.9 CAUTION. Narrow one-lane wooden bridge. 
0.5 4.4 Crossroads. Continue ahead (north). 
0.85 5.25 Ahead the skyline is formed by the crest of the Paxton Moraine, which 
appears as a fairly prominent escarpment. 
0.25 5.5 T-road from left. Continue ahead (north). Glacial erratics--trans-
ported cobbles and small boulders different from the underlying bed-
rock--have been removed from the adjoining fields and piled around the 
telephone pole bases to the left. Northward, the itinerary gradually 
ascends the Paxton Moraine, which loses its prominence as it is 
approached. 
0.75 6.25 Large boulder pile to the left. 
0.25 6.5 
0.1 6.6 
T-road from left. Turn left (west). 
Stop 2. View from the Paxton Moraine and discussion of the regional 
glacial history. SE~ SE~ SE~ Sec. 13, T. 22 N., R. 13 W., Vermilion 
County. Potomac 15' quadrangle. 
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This locality is situated just south of the crest of the Paxton Moraine. 
The view to the southeast is across an area of low relief that is developed on the 
gentle backslope of the Gifford Moraine. This area was further flattened by the 
addition of outwash from the Woodfordian glacier that deposited the Paxton, Ellis, 
and Chatsworth Moraines. Figure 1 shows the position of the glacier while the 
Chatsworth Moraine was being formed. The Paxton Moraine to the northeast and west 
shows the gently undulating surface that is typical of an end moraine. As the 
Paxton Moraine lies closer to the Gifford Moraine to the southwest, no large flat 
areas are developed between the moraines. 
Glacial History of the Potomac-Danville Area - Figure 4 shows the major 
time units in the Pleistocene Series that are recognized in Illinois and the rock 
units and soil units that have been recognized in the field trip area. 
The topography of this area just before glaciation was rugged, not unlike 
the present landscape of the part of southern Illinois that was unglaciated and 
floored by Pennsylvanian bedrock. A sizable bedrock valley, called the Danville 
Valley, was located near Danville and drained northward into the larger Mahomet 
Valley about 8 miles north of here. The sketch locates 
these valleys in the early Pleistocene drainage. These 
valleys contain deposits of sand and. gravel, and they 
later were completely buried by till and outwash from 
the younger glaciers. The sand and gravel deposits con-
tain water, however, and are important sources of ground 
water in this part of Illinois. Bedrock, the floor of 
the Danville Valley, is more than 350 feet below the 
surface here--buried beneath more than 350 feet of gla-
cial deposits. 
The Potomac-Danville area probably was first. 
covered by glaciers during the Kansan Stage, although 
there is a possibility that the earlier Nebraskan glaciers 
might also have been in the area. Four glacial tills 
Ancient 
Mississippi Valley 
~-----7 
\ 
Danver$ v. 
~ I 
(figure 4) of Kansan age have been identified in the Early Pleistocene major 
area. They are part of the Banner Formation. Some drainage. 
geologists think the oldest of these tills might be of 
Nebraskan age. Because the tills are quite different in composition, it appears 
that the area was covered by glaciers at several different times and that the gla-
ciers may have come from different source areas. One possibility is that some of 
these tills were deposited by glaciers from the Lake Erie area and other tills by 
glaciers from the Lake Michigan area. The Belgium Member of the Banner Formation, 
v. 
a peaty silt that has been observed only in the Harmattan Strip Mine, indicates that 
the area was ice free for a short time following deposition of the Hegeler Till 
Member. The deposits of the Banner Formation are relatively thick. With the melt-
ing of the last Kansan glacier, a long warming period, which is called the Yar-
mouthian Substage, developed. During this time the thick Yarmouth Soil formed; 
it has been preserved locally west of Danville near Hungry Hollow. 
The third glacial stage, the Illinoian Stage, was the most extensive 
glaciation in Illinois and covered all of Vermilion County. At least three major 
pulses of the Illinoian glacier are recorded in the tills of the area, all of which 
are included in the Glasford Formation (fig. 4). These Illinoian glaciers, in 
general, left thinner till deposits than did the Kansan. Two major ice-free periods 
occurred during the Illinoian Stage. After deposition of the Smithboro Till, a 
significant period of ice withdrawal permitted the formation of the Pike Soil and 
the Mulberry Grove Silt; they will not be seen on the field trip but are known in 
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TIME STRATIGRAPHY ROCK STRATIGRAPHY SOIL STRATIGRAPHY 
Ql Modern Soil 
t: Ql 
ClJ bD 
om 
0~ 
.-ttll 
0 Cahokia Alluvium 
:X: 
Valderan Substage 
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-
-
Richland Loess 
S:.. 
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{;:() Ill •,0 
cU Ql ~ ~ & ~ 0 Batestown Till Member Cll 1-l ~ Wo~df~rdian Substage ~ s::: 
s:: m S:.. m 0 
m •.-l t: ...... S:.. Glenburn Till Member 
s::: S:.. Ql > '0 
...... 
0 :X: m Ql 
Ill Ql ~ ::;;: Oakland Till Member s:: p.. cU 
c CQ 
Cll 0 -
~ Ill Morton Loess H ...... 
&§ ::s: 
Cll Farmdalian Substage Robe in Silt Farmdale Soil 
~ 
z 
~ 
0 Altonian Substage Roxana Silt, sandy-silt facies 0 
E-t I Cll Unnamed silt H ~ 
..:t --p.. Sangam'>n Soil Sangamonian Stage 
:E: 
~ s:: Cll Radnor Till Member >- s:: (\ Cll ClJ Jubileean Substage 0 ·.-t Q() •.-l .p 
>t cU .p m 
~ .p m s Roby Silt Member Cll s S:.. S:.. 0 
ffi s:: 0 ~ cU ~ Vandalia Till Member E-t ..-1 '0 
~ 0 .-t S:.. p s:: Monican Substage S:.. 0 
C§ •.-l m G-i Mulberry Grove Silt Member Pike Soil (?) 
.-t ClJ Ill 
.-t p.. m 
H .-t t!l Smithboro Till Member Liman Substage 
Petersburg Silt 
Yarmouthian Stage 1-- Yarmouth Soil 
s:: Tilton Till Member 0 
..-1 
~ Hillery Till Member cU 
s 
Kansan Stage ~ 0 Harmattan Till Member ~ 
M 
Ql Belgium Member s:: 
s:: 
cU 
CQ Hegeler Till Member 
Aftonian Stage 
Nebraskan Stage I 
Fig. 4 - Time-stratigraphic cl?_Ssification of the Pleistocene deposits of Illinois and pertinent 
rock- and soil-stratigraphic units in the field trip area. 
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this area. The Illinoian ice then readvanced and deposited the Vandalia Till. 
Another withdrawal resulted in the accumulation of an organic silt, the Roby Silt, 
which will be observed in the lower part of the Higginsville Section {Stop 3). The 
Roby Silt .was buried when the last Illinoian glacier advanced and deposited the 
Radnor Till. Exposures of Radnor Till are known in several localities north of 
Danville, but none are known south of Danville, which may indicate the last Illi-
noian glacier advanced no farther than Danville. 
Illinoian time was concluded by climatic warming. The glaciers melted 
completely and again soil formed. This interglacial period is called the Sangamon 
Stage, and a soil formed by weathering pre-Sangamon deposits is called the Sangamon 
Soil. The Sangamon Soil was completely eroded in most parts of this area by younger 
glaciers. Thin remnants of the soil are known in the area only from two sections 
near Collison where the soil is developed in Radnor Till. 
The last major stage of glaciation, the Wisconsinan, is thought to have 
begun about 70 or 75 thousand years ago with pulses of ice that reached only as far 
as northern Illinois. The record of the earliest part of the Wisconsinan, the 
Altonian Substage, is not well displayed in the Potomac-Danville area. The only 
deposit known is a thin, peaty silt at the Higginsville Section (Stop 3). It has 
been dated at 48,000 ~ 1,700 radiocarbon years B.P. (before present). This silt 
apparently accumulated in a low, wet area and was later eroded and/or buried by 
younger Wisconsinan glaciers. 
In the Farmdalian Substage, from 22,000 to 28,000 years B.P., a time when 
the glaciers had withdrawn from Illinois, the Farmdale Soil formed and organic silts 
(Robein Silt) accumulated. The Robein Silt often contains wood and other plant 
debris. In the strip mine at Danville, a log has been dated at 20,500 ± 210 radio-
carbon years B.P. This indicates that ice of the last major advance, during the 
Woodfordian Substage, reached the Danville area about 20,500 radiocarbon· years ago. 
The glacier eventually reached an area just south of Paris, Charleston, and Shelby-
ville, where the ice front stabilized and eventually began to retreat. During the 
time of retreat there were several readvances, and the tills deposited by the 
several readvances vary in character and composition. In the Potomac-Danville 
area, four near-surface till members of the Wedron Formation have been distinguished, 
the Oakland, Glenburn, Batestown, and Snider Tills (fig. 4). The Glenburn is a 
reddish brown to pinkish gray till, the Batestown and Snider are gray where 
unaltered but oxidize to olive or yellow brown. The Batestown is a sandy, silty 
till; the Snider is a silty, clayey till. The latter was deposited by the glacier 
that readvanced to form the Illiana Morainic System (fig. 1), and it is the surface 
till north of the moraine in Vermilion County. The Batestown is the surface till 
in the southern half of the county. During the retreat of the Woodfordian glaciers, 
great dust storms swirled over Illinois and a silty deposit, called loess, was 
deposited over the entire landscape. It is called the Richland Loess and is 
usually from 1 to 5 feet thick in Vermilion County. 
The last glaciers retreated from this area approximately 16,000 years 
ago, and since then our modern drainage system has developed and the Modern Soil 
has formed. The surficial processes of erosion, sedimentation, and weathering 
continue today. 
o.o 6.6 Leave Stop 2. Continue ahead (west). 
0.9 7.5 T-road from right. Continue ·ahead (west). 
0.3 7.8 T-road from left. Turn left (south). 
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1.25 9.05 T-road from right. Continue ahead (south). 
0.55 9.6 T-road from right. Turn right (south). 
0.3 9.9 Itinerary along here is descending the Paxton Moraine. The view to 
0.45 10.35 
0.6 10.95 
0.6 11.55 
0.9 12.45 
0.15 12.6 
0.95 13.55 
the right, especially, shows how gradually this surface slopes toward 
the south. 
T-road from left. Continue ahead (south). 
T-road from left. Turn left (south). 
T-road from right. Turn right (south). 
STOP. u.s. 136. Cross highway and continue on one-lane cement road 
(south). 
CAUTION. One-lane bridge. 
T-road from left. Continue ahead straight (south) on gravel. 
1.7 15.25 Y-intersection. Turn left (south). To the right is the entrance to 
the Potomac Gravel Company, which is operated on the narrow bluff 
jutting out into the floodplain of the Vermilion River. The deposits 
being worked are glacial outwash gravels. The narrow neck of land 
near the entrance is all that connects the ridge to the bluff line. 
Formerly, the river was closer to the east and northeast valley sides 
and a tight meander loop formed. Current flow of the river undercut 
the banks on the spurs and formed the neck which became progressively 
more narrow as erosion continued. The river shifted its channel west-
ward before the neck was breached. Had the river cut· through this 
neck, however, it would have shortened its course nearly three-fourths 
of a mile. One of the excavations is used as a sanitary landfill 
where refuse is dumped and covered each day of operation. 
1.1 16.35 T-road intersection. Turn left (east). 
0.35 16.7 T-road from right--Powell Road. Turn right (south). 
1.05· 17.75 Stop 3. The Higginsville Section: an exposure of Illinoian and 
Wisconsinan tills in the east river bluff. SW~ SE~ NEt Sec. 26, 
T. 21 N., R. 13 W., Vermilion County. Fithian 15' quadrangle. 
The Higginsville Section is located about a quarter of a mile west of 
the road stop, in the east bluff of the Middle Fork of the Vermilion River. From 
the fence corner by the road stop, follow the fence west along its south side. At 
the edge of the woods veer southward around the heads of the two small gullies and 
go down the third gully to the river bank. 
The section is one of the localities studied and described by the leaders 
of the 21st Annual Field Conference of the Midwest Friends of the Pleistocene, 
which was held May 12-14, 1972. The leaders were W. Hilton Johnson (Geology Depart-
ment, University of Illinois) and Leon R. Follmer, David L. Gross, and Alan M. 
Jacobs of the Illinois State Geological Survey. The following discussion and 
figure are extracted from the conference guidebook: I.S.G.S. Guidebook Series 9, 
Pleistocene Stratigraphy of East-Central Illinois, pages 29-36. 
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Discussion ot the ~tratigraphy - The Higginsv1lle ~ection exposes the tnree 
youngest Woodfordian tills (Snider, Batestown, and Glenburn Till Members) and the two 
youngest Illinoian tills (Radnor and Vandalia Till Members) now known in this area 
(fig. 5). A thin carbonaceous silt also is present beneath the Glenburn Till, and 
the Roby Silt Member lies between the Radnor and Vandalia Tills. The section is 
somewhat unusual in that, with the exception of the basal Woodfordian till, the 
Oakland, the till sequence for the upper part of the stratigraphic section is com-
plete. There are, however, several problems of interpretation. Most of these concern 
the relations between the Radnor Till, the unnamed, overlying, thin carbonaceous silt, 
and the Glenburn Till; the lack of any indication of Sangamonian weathering in the 
Radnor; and the origin of deformational structures within the Radnor. 
North 
Approximate 
elevation 
(ft) 
Richland 
Loess 
-- ~ • _ _ ~- ~-·- -~ ~~~~~~74~-~~~---· 
Sana ana - =~ ~';b"""'~ Snider Till Member Till ~ g~avelt Silt and~ · :u:::..<~::..·o;..!. ·-=" till -
670 
South 
Approximate 
elevation 
(ft) 
[[[[TI Modern Soil 
~-~----·-------~ tes town Till M:.:..:ern:.:.::.b::;..e:o.;r.._.. ___ ________ '-' 
Glenburn Till Member 
-==--
630 U~named silt 630 
Radnor Till Member 
Covered 
610 610 
0 20 40 Ya rds 60 80 100 110 
Fig. 5 - Sketch of t he Higginsville Section. 
The silt beneath the Glenburn is about 1 foot thick and is exposed for about 
30 yards along the northern part of the exposure. Although the silt is not deformed, 
the upper few feet of gravelly sand and till in the Radnor immediately below the silt 
are contorted into a series of folds that are truncated and overturned to the south. 
The lower part of the silt is calcareous and the upper part of the Radnor, except for 
a little oxidation, is unweathered. Many small fragments of wood from the silt 
yielded a radiocarbon date of 48,100 i 1,700 years B.P. 
A normal interpretation of the carbon-14 date would be that the glacier 
that deposited the till above the silt overrode a vegetated landscape about 50,000 
radiocarbon years ago, killed the vegetation, and buried the carbonaceous deposit. 
With such an interpretation, both the silt and the till would be Altonian in age. 
However, this may not be the correct interpretation because the overlying till is 
lithologically similar to and is in the same stratigraphic position as the Glenburn 
Till, which lies above carbonaceous silt (the Robein) that has been dated from 20,000 
to 23,000 radiocarbon years B.P. in several localities in east-central Illinois. The 
till, therefore, is probably the Glenburn and is Woodfordian in age. 
If this interpretition of the age of the till is correct, the age and or~g~n 
of the silt becomes a problem. Is the radiocarbon date correct? Did the silt with 
organic debris accumulate in situ? Dennis Coleman, radiocarbon analyst for the State 
Geological Survey, feels that the date is a minimum date and the wood might be older. 
His point is that it would take very little modern contamination or wood about 20,000 
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radiocarbon years B.P. mixed with old wood to give a date of about 50,000. · If t he 
sample was contaminated, it probably would be Illinoian in age; if not, it is 
Altonian. 
The second question above is more difficult to answer. If the silt did 
accumulate in situ and if it is at least 30,000 radiocarbon years older than the 
overlying till, the silt must have been huried at an earlier date by some other 
deposit for which no record is preserved today. This is possible but perhaps not 
too likely. If the deposit did not accumulate in situ, it would mean that at some 
date after accumulation it was moved more or less as a unit for some unknown dis-
tance to its position today. The most likely agent to accomplish this would be the 
glacier that deposited the overlying till. Although this explanation may not seem 
too likely either, it does offer certain advantages for interpreting the structures 
below the silt and for explaining the lack of weathering in the material below the 
silt. 
The structures beneath the silt appear to be the result of drag created 
by the movement of a body such as a glacier over the top of the beds. If the silt 
accumulated in situ, the glacier that deposited the overlying Glenburn Till c6uld 
not be responsible because the silt is not deformed. However, if the silt was 
incorporated in the base of a glacier and moved as a block, the structures could 
have been created by that glacier, the one that deposited the Glenburn. If the 
structures originated in this fashion but were created by a glacier older than the 
silt, the structures are the only record of that advance. They may have originated 
in some other manner, and some observers of the section have suggested that they 
might be the result of cryoturbation (deformation caused by freezing) prior to the 
accumulation of the silt. 
The lack of significant weathering in the underlying materials is also 
a problem if the silt accumulated in situ. First, no evidence of Sangamonian 
weathering is present in the upper part of the Radnor Till. This is not unusual 
in the area because of glacial erosion during the Wisconsinan. It is a problem 
here, however, because there is no evidence, other than the deformation, of a 
glacial advance younger than the Radnor and older than the silt in the area. 
Neither is there evidence of truncation by fluvial erosion. It therefore becomes 
easier to explain the erosional removal of the Sangamon Soil by the same glacier 
that later formed the structures and deposited the overlying slab of carbonaceous 
silt and till. Second, the lack of any profile development in the silt or of 
weathering beneath it is also difficult to explain if the silt accumulated in situ. 
Even though the time of accumulation was probably not great, there should be more 
oxidation of the underlying material if the in-situ explanation is correct. 
In summary, the simplest explanation of the observed facts is that the 
erosional removal of the Sangamon Soil, the deformation in the upper part of . the 
Radnor, the emplacement of the large slab of carbonaceous silt, and the deposition 
of the Glenburn Till were accomplished by one or more glaciers during the early 
Woodfordian. In view of the uncertainties, however, other interpretations are 
possible, particularly if new information becomes available. 
Although samples of the Roby Silt contained only a few grains of pollen, 
samples of the carbonaceous silt beneath the Glenburn contained pollen in abundance. 
If the radiocarbon date for the unit is reasonably accurate, the pollen 
suggests that the vegetation at the middle of the Altonian Substage in this area 
was characterized by conifer forests containing some deciduous trees. At 48,000 
years B.P., dense conifer forests were dominant, with spruce locally plentiful and 
more abundant than pine. Prior to 48,000 years B~P., the forests were more open. 
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This enabled pine pollen to blow in from other areas and mask the actual abundance 
of spruce. The higher percentage of deciduous trees and the lower percentage of 
spruce in the lower part of the silt suggest that the climate was warmer prior to 
48,000 years B.P. but became cooler after that date, perhaps as a result of the 
glacial advance that deposited the Argyle Till Member of northern Illinois. 
A. B. Leonard identified and interpreted the molluscan fauna preserved in 
the Roby Silt. The fauna was washed from two 50-pound samples, one collected from 
the upper, carbonaceous part of the unit and the other from the lower part of the 
unit, which contained very little plant material. 
The recovered fauna is conspicuously terrestrial in its composition and 
in the large number of individual terrestrial specimens; five aquatic or semi-
aquatic species are represented by only a few shellE, whereas eleven strictly ter-
restrial species are represented by .a fairly large number of shells. Of the ter-
restrial species that have modern representatives, the majority are northern species. 
The abundance of Vertigo oughtoni, one of the most sensitive and restricted of the 
mollusks present, indicated to Leonard that the local climate tended toward subarc-
tic, or at least very cool. The silt apparently accumulated in a small pond on 
the till surface, and most of the shells were washed in from the surrounding slopes. 
Pleistocene Series 
\·lisconsinan Stage 
Woodfordian Substage 
Higginsville Section 
Richland Loess (described as soil h~riz~ns bel~w) 
Silt (Al horizon); dark grayish brot-m silt loam; granular; abundant 
ro,ts 2" 
Silt (A2 horizon); brown silt loam; m~derate to strong platy structure; 
thin silt Cl)atings common 
Silt (Bl horizon); yellowish brown heavy silt loam; weak to moderately 
strong subangular blocky structure; thin, discontinuous silt 
coatings 5" 
Silt (B21 h"rizon); yellowish brown silty clay loam; moderate to strong 
subangular blocky structure; disc~ntinuous silt and clay coatings; 
contains a few pebbles 6" 
Wedron Formation 
Snider Till Member (described as soil horizons beloH) . 
Till (IIB22 horizon); olive . br~m1 clay loam; strong angular blocky 
structure; abundant silt coatings in upper part; thick brown to 
dark brown clay coatings in lower part; thin gravelly sand locally 
between loess and till . 11" 
Till (IICl horiz()n); olive br,wn, calcareous, silty clay loam; bl~cky 
structure; prominent clay coatings, r?ots, and secondary CaC03 along 
joints • 6' 0 11 
Thickness 
(ft, in) 
1 7 
18 11 
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Till (IIC2 horizon); olive (at top) to grayish brown (at base), cal-
careous light silty clay; blocky structure; discontinuous z~nes of 
calcareous yellowish brown silt from half an inch to 24 inches 
thick interbedded with till in upper 3 feet 12 1 
Batestown Till Member 
Till, light ?live brown (at t~p) to dark gray (at base) calcareous 
loam; medium blocky structure; l~cal, discontinuous gravelly sand 
in upper 2 feet • 
Glenburn Till Member 
Till, brown t'> dark brown (at tcp) to dark grayish brovm (at base), 
calcare?us loam; coarse blocky structure; brown oxidati?n along 
joints; pinkish cast on surface; wo?d and silt sheared into lower 
part of till • 
Altonian Substage 
Unnamed silt . 
Silt, black to dark reddish brovm silt loam, noncalcareous, carbon-
aceous; c ntains wood fragments, pebbles, and some sand; radio-
carbon date on wood 48 ,100 ± 1, 700 years B. P. • 5" 
Silt; dark gray silt loam, calcareous, stratified, thin zones of 
oxidized sand; contains wood fragments 
Illinoian Stage 
Juhileean Substage 
Glasford Formation 
Radnor Till Member 
7" 
Till and interbedded sand and silt; till, gray to olive gray, cal-
careous loam; soft to hard; blocky structure; sand, yell~wish 
brown to dark brown, stratified; beds vary from fine sand t? coarse, 
gravelly sand; silt, light gray to tan, well sorted; sands at upper 
contact c'>ntorted and folded; silts, sand, and till locally deformed 
throughout unit; base of unit not exposed in northern and central 
parts of the exposure • 
Roby Silt Member (south part of exposure) 
Silt, dark brownish black to dark gray silt loam, calcareous, carbon· 
aceous; contains wood fragments 6" 
Silt; gray t? tan silt loam, calcare?us; massive; contains mollusk 
shells . 1' 
Monican Substage 
Vandalia Till Member (south part of exposure} 
Sand; reddish brown sandy 1 ?am, calcareous; grades to br?vm, calcareous 
till; sandy loam interbedded vri th Z')nes of gravelly sand . 4' 
Till; grayish brown sandy loam; bl?cky structure; hard; base not 
exposed 41 
Total section 
• 3 6 
. 9 0 
. 1 
25 
. 1 6 
. 8 
68 6 
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0.0 17.75 Leave Stop 3. Continue ahead (south). 
0.15 17.9 CAUTION. UNGUARDED RAILROAD CROSSING. VERY HAZARDOUS. Continue 
ahead (south). 
0.3 18.2 T-road. Turn left (east). 
0.15 18.35 T-road from right. Turn ·right (south). 
0.65 19.0 CAUTION. Narrow bridge. 
0.7 19.7 T-road. Turn right (west). 
1.3 21.0 CAUTION. Narrow culvert. DO NOT BLOCK. 
0.15 21.15 Stop 4. Collison Branch Section: three Wisconsinan tills. SW\. SW\. 
NE.}; Sec. 2, T. 20 N., R. 12 W. , Vermitlion County. Fithian 15' quad-
rangle. 
Permission to enter this property must be obtained from 
John L. Taylor, Rural Route 2, Fairmount, Illinois 61841. 
The Collison Branch Section is measured in a cutbank on the northwestern 
side of the valley of Collison Branch, about one quarter of a mile northeast of the 
road stop. (The following discussion and figure are extracted from I.S.G.S. Guide-
book Series 9, pages 36-38.) south 
Approximate Collison Branch is a small 
elevation 
tributary of the Middle Fork of the {ft) 
Vermilion River. The valley of Collison 675 Branch contains several terrace levels, 
the most prominent of which is cut into 
the Snider Till Member. The section 
exposes the Snider, Batestown, and 
Glenburn Till Members of the Wedron 
Formation (fig. 6). The Batestown is 
quite thin, and it is missing at the 655 
south end of the exposure. A prominent 
boulder pavement is developed at the 
upper contact of the Glenburn. The 
upper surface of the boulders are 
faceted, and striations with orienta-
tions from N 35° E to N 55° E are pre-
645 
Till 
0 
~ 
20 40 
Yards 
served. From ·southern Iroquois County 
south to the front of the Newtown Fig. 6 - Sketch of the Collison Branch Section. 
Moraine (about 3 miles south of this point) the Snider Till Member is the surficial 
till--the uppermost till and the one generally at or first under the land surface. 
South of the Newtown Moraine the Batestown Till Member is the surficial till. 
Pleistocene Series 
l'iisconsinan Stage 
Woodfordian Substage 
Wedron Formation 
Snider Till Member 
Collison Branch Section 
Till, olive gray at top to dark gray at base; light silty clay; 
Thickness 
(ft, in) 
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calcareous; strong blocky structure;· rootlets and secondary caco3 
along joints; local silt stringers in the till • 
Batestown Till Member 
Till, dark gray1sh brown to dark gray loam, calcareous; weak blocky 
structure; unit contains interbedded sand and silt; discontinuous 
sand at upper contact 
Glenburn Till Member 
Till, brown to dark br~wn {at top) to dark grayish brown (at base) 
loam; calcareous; weak, coarse blocky structure; boulder pavement 
. 18 
• 0-~ 
at top striated N ~5° ± 10° E. 4 
Total section 24+ 
0.0 21.15 Leave Stop 4. Continue ahead. 
0.05 21.2 
1.5 22.7 
1.6 24.3 
T-road intersection. STOP. Turn left (south). 
The view ahead--the hillside rising to the horizon--is the backslope 
and crest of the Gifford Moraine. 
Stop 5. View of the Gifford and Newtown Moraines and the outwash 
plain to the south (on the ridge crest just north of the center of 
Sec. 23, T. 20 N., R. 13 W., Vermilion County). Fithian 15' quad-
rangle. 
Stop 5 is between the crests of the moraines. The Gifford Moraine is the 
hill north of the stop. The Newtown Moraine crest just south of this stop is the 
hill rising beyond the little valley about 200 yards south of the road intersection 
(fig. 1 and the Itinerary Map). The Gifford and Newtown Moraines are this close 
along much of their length because a Woodfordian glacier, after forming the Newtown 
Moraine and melting back from it, readvanced up the backslope of the moraine and 
formed the Gifford Moraine. 
On the Glacial Map of Illinois in the Appendix, these two moraines are 
shown by the single moraine pattern crossing the middle of Vermilion County. (Stop 
5 would be plotted on the map about halfway across the county and a little west of 
where the pattern forks.) The Gifford and Newtown Moraines extend east into Indiana 
and northwest across Ford County, Illinois, where they join the moraines festooned 
across McLean County. Together, the Newtown and Gifford Moraines compose the 
Illiana Morainic System. 
The Gifford and Newtown Moraines are low, broad ridges. In Illinois the 
Newtown Moraine is generally 1 to 2 miles wide, and its crest may be 50 to 100 feet 
above the outwash plain to the southwest. The Gifford Moraine is 2 to 4 miles wide 
and about the same height as the Newtown Moraine. In places it has two parallel 
crests. The surficial till behind (northeast of) the Newtown Moraine front is the 
Snider Till Member of the Wedron Formation. Beyond the moraine front, in the low-
land visible to the southwest, the surficial till is the Batestown Till Member. The 
surface of the ridges, except where it is cut by streams, forms an irregular terrain 
of low knolls and shallow sags that is typical of Wisconsinan moraines. 
The long, low slope d~scending from the moraine ridge to the lowland 
south of it is an outwash plain created as meltwaters flowed from the glacier front. 
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Near the glacier front, meltwater was generally not confined to definite valleys 
but flowed away from the ice in numerous, shifting, interbraided streams that 
deposited an apron of outwash sand and gravel along the front of the moraine. This 
outwash deposit gradually thins away from the moraine and forms a gently sloping 
surface, in places more than 5 miles wide, and stretches almost to the Urbana 
Moraine. After the outwash plain was formed and the amount of outwash being trans-
ported decreased, the meltwater was confined to definite channels, and the valleys 
of Stony Creek, Salt Fork, and the Middle and North Forks of the Vermilion River 
were cut into the outwash plain. Along the moraine front here, the streams flow 
southward across the outwash plain and into the valley of Stony Creek. 
o.o 24.3 Leave Stop 5 • 
. 0.05 24.35 T-road intersection. Turn left (east). 
1.5 25.85 STOP. Crossroad. Newtown Consolidated School to left. Turn right 
(south). The crest of the Gifford Moraine is the hill north of the 
school. 
0.25 26.1 GUARDED RAILROAD CROSSING. 
0.6 26.7 CAUTION. The village of Newtown and the crest of the Newtown Moraine. 
1.45 28.15 T-road from left. Turn left into village of Glenburn. Road is to the 
southeast. The southern boundary or edge of the Snider Till Member of 
the Wedron Formation is near here along the front of the Newtown 
Moraine. South of the Newtown Moraine, the surficial and youngest till 
deposit is the Batestown Till Member of the Wedron Formation. 
0.5 28.65 Crossroads. CAUTION. Turn left (east). The road, and Glenburn Creek 
beside it, run parallel to the front of the Newtown Moraine. Glenburn 
Creek carried meltwater and outwash from the glacier as it formed the 
Newtown Moraine. 
0.85 29.5 
0.3 29.8 
0.2 30.0 
To the left is a Pennsylvanian channel sandstone that has a notch 
through it that was cut for_ an old narrow-gauge railroad right-of-way. 
Continue ahead on blacktop. 
STOP. Entrance to Kickapoo State Park. Continue ahead. CAUTION. 
Cross Vermilion River. 
0.05 30.05 Crossroad. Turn left at clear pond. Continue north on gravel road. 
0.4 30.45 Stop 6. View of the outcrop of the Farmington Shale and the Lonsdale 
Limestone. NE~ SW~ NE~ Sec. 5, T. 19 N., R. 12 W., Vermilion County. 
Danville NW 7~ 1 quadrangle. 
The ponds in Kickapoo State Park are the water-filled pits left by strip 
mining operations that removed the Danville (No. 7) Coal in the floodplain of the 
Vermilion River. The No. 7 Coal was about 6 feet thick here. The top of the seam 
would probably be about 35 feet under the surface of the pond. 
The bluff across the pond to the east exposes two of the bedrock units 
that overlie the No. 7 Coal. The Lonsdale Limestone Member of the Modesto Forma-
tion forms the ledge in the top of the bluff. The steep bank between the base of 
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the ledge and the water is the upper part of the Farmington Shale. Figure 7 illus-
trates the rock units that were visible in the bluff before the excavation filled 
with water. 
McLEANSBORO GROUP 
Modesto Formation 
KEWANEE GROUP 
Carbondale Formation 
PENNSYLVANIAN SYSTEM 
approximate 
t 
MEMBERS 
Lonsdale Limestone, 16' 
Limestone, 2' 
Siltstone, 5' 
Limestone conglomerate, 51-61 
Sandstone, 16"-32" 
Farmington Shale, 46' 
black shale, 1' 
Danville {No. 7} Coal, 61 
Fig. 7 - Cross section of beds known to be present in the bluff opposite Stop 6. 
The appendix section titled "Depositional History of the Pennsylvanian 
Rocks" provides a general explanation of the origins of these units. 
The Origin of Strip Mining - A paper published by John A. Hollingsworth 
in the 1963 Proceedings of the Illinpis Mining Institute reports that Vermilion 
County is the birthplace of strip mining. According to Hollingsworth, the first 
large-scale and persistent strip mining operation in the United States was started 
in 1866 south of Danville in the valley of Grape Creek. The firm of Kirkland, 
Blakeney, and Groves operated the mine. The thin layer of earth and rock covering 
the coal was dug away by horse-drawn plows and scrapers and carried off in wheel-
barrows and carts. In 1875, another plow-and-scraper mine was opened by Michael 
Kelly in Hungry Hollow, which is between this park and Danville. 
Vermilion County coal operators were evidently not the first to use 
mechanically powered stripping equipment. Hollingsworth states that J. N. Hodges 
and A. J. Armil began the first coal mine of this kind with a steam shovel in 1877 
near Pittsburg, Kansas. However, a local mine at Mission Field near Danville was 
the second to use mechanical power. In 1885, the mining company of Wright and 
Wallace used a converted dredge as an excavator. Its wooden steam shovel was taken 
off the boat hull and mounted on wheels. For the rest of the 19th century, increas-
ing use was made of steam-powered shovels and draglines in many places to strip 
shallow coal beds, but until 1922 Vermilion County was the only Illinois county to 
report production of coal by stripping. 
0.0 30.45 Leave Stop 6. Retrace route to blacktop. 
0.35 30.8 
0.5 31.3 
0.4 31.7 
0.1 31.8 
o.o 31.8 
0.2 32.0 
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STOP. Blacktop road. Turn left (east). 
Y-intersection. Continue ahead. Bear right. 
Y-intersection. Bear right on blacktop and enter parking area near 
pavilion. 
Stop 7. Lunch. 
Leave Stop 7. Continue ahead on blacktop (southwest). 
STOP. T-road. Turn left (west). 
0.15 32.15 Y-intersection. Bear right. 
0.05 32.2 STOP. Continue ahead. 
0.25 32.45 Leave Kickapoo State Park. Continue ahead (east-northeast). 
0.25 32.7 
0.4 33.1 
T-road from left. Turn left to Emerald Pond and Inland Sea. 
Stop 8. The Emerald Pond Section: an exposure of Wisconsinan tills 
over a Kansan till. E~ SW~ SW~ Sec. 33, T. 20 N., R. 13 W., and 
NE~ NW~ NW~ Sec. 4, T. 19 N., R. 12 W., Vermilion County. Danville NW 
7.5 1 quadrangle. 
The Emerald Pond Section is measured along the gravel road that descends 
to Emerald Pond. The upper unit is best exposed 300 yards north of the east-west 
blacktop road, and the remainder of the section 600 yards north of it. The follow-
ing section and figure are extracted from I.S.G.S. Guidebook Series 9, pages 42-45. 
Discussion of t~e Stratigraphy - The Emerald Pond Section is the type 
section for the Snider, Batestown, and Glenburn Till Members of the Wedron Forma-
tion. The section is a long north-south exposure located at the frontal margin of 
the Illiana Morainic System. The purpose of the stop is to show the type section 
of the three Woodfordian tills, relations between the Snider Till Member and the 
Illiana Morainic System, and the unusual situation where Woodfordian till rests 
directly on Kansan till, in this case the Tilton Till Member of the Banner Formation. 
The north end of the section exposes the Batestown, Glenburn, and Tilton 
Tills (fig. 8). Sand and silt inclusions, probably resulting from ice contact 
sedimentation, are particularly prominent in the upper part of the Batestown. The 
Glenburn is not quite as pink in this section as it is at the Higginsville Section 
(Stop 3). This slight variation in color is characteristic of the Glenburn and 
has been noted elsewhere in central and eastern Illinois. The contact between the 
Glenburn and the Tilton is distinct but rather subtle, and the difference in the 
calcite content of the two tills can be noted in the field by the rate and degree 
of effervescence when hydrochloric acid is applied. 
The exposure appears to cut obliquely to longitudinally across a buried 
valley that has been cut through the Illinoian units into the Kansan Tilton Till. 
The Glenburn Till fills this valley. A boring near the highway penetrated the 
Illinoian Radnor and Vandalia Till Members immediately below the Batestown, and a 
section in the strip mine directly south of this exposure contains the Batestown, 
Radnor, Roby, and Vandalia units overlying the Tilton Till. 
North 
Approximate 
elevation 
(ft) 
660 
62 
60 
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South 
Richland Loess 
~~- . Highway 
• I I, ' ''>, ~ 
_ ~ - ~1 1 SniderTill ~f·. ~ -.:~ -  
. __.-::-::  .....--· ~2-:-:...tL.:-~-r-~~~ ~ 
~ ~Silt, sand, and~ 
I Batestown gravel ~ Till Member ~ 
--- - / _./'-
~Road grade 
Till Member 
o~-------------L--____________ J_ ___________ ___ L_ _____ _______ _J 
6oo 200 400 
Yards 
Fig. 8 - Sketch of the Emerald Pond Section. 
800 
The south end of the section is the higher topographically and exposes the 
Snider and Batestown Tills. Thin outwash occurs between the two tills. The front 
of the Illiana Morainic System occurs north of the highway, and the southward slope 
of the top of this part of the exposure corresponds to the frontal slope of the 
Newtown Moraine. The Snider Till feathers out north of the highway and is not ex-
exposed directly south in the strip mine. Therefore, the morainic front corresponds 
to the margin of the Snider Till, and the end moraine is the result of deposition 
of the Snider. 
Pleistocene Series 
Wisconsinan Stage 
Woodfordian Substage 
Richland Loess 
Emerald Pond Section 
Silt, thin; A and upper B horizons of Modern Soil • 
Wedron Formation 
Snider Till Member 
Till, upper 2 feet leached, lower part of B horizon of Modern Soil; 
till, calcareous, light olive brown grading to grayish brown at base 
of unit, clayey; not many pebbles; shale fragments common; jointed; 
coarse to medium, irregular blocky structure; manganese- and iron-
staining and accumulation of secondary caco3 common on joint sur-
faces; locally some interbedded sand and silt 
Silt, calcareous, yellowish brown, laminated 
Sand and gravel, calcareous, yellow to dark grayish brown, mostly well 
sorted coarse sand; locally, upper 1 foot is coarse, sandy gravel 
Thickness 
{ft, in) 
1 6 
14 
1 
2 
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Batest?wn Till Member 
Till, calcareous, light olive brown gratling to dark gray at 
6.5 feet below top; upper portion contains many sand and silt 
stringers with no preferred orientati~ and a boulder concen-
tration; thin silt bed 4 feet below top; lower portion silty, 
soft; weak, blocky to platy structure • 
Glenburn Till Member 
Till, calcareous, brown to dark brown at top to dark br?wn at 
base; pinkish cast; joints prominent with iron staining and 
oxidation of till along joint surfaces; sand stringers locally 
14 
17 
Kansan Stage 
0.0 
Banner Formation 
Tilton Till Member 
Till, calcareous, slightly oxidized, dark brown to dark grayish 
brown at base; numerous 1- to 3·inch horizontal, irregular sand 
zones; concentration of white sandstone fragmepts locally at 
upper contact; oxidized joints less prominent 
Composite section 
33.1 Turn around and retrace itinerary to blacktop. 
9 
57 7 
0.35 33.45 STOP. Intersection with blacktop. Turn left (east-northeast). 
0.35 33.8 
·1.8 35.6 
0.5 36.1 
0.2 36.3 
1.7 · 38.0 
Note freshly smoothed-off strip-mined area to the right (south). 
The abandoned Harmattan strip mine. 
T-road. STOP. Turn right (south) on blacktop. Prepare to turn le.ft 
in 0.5 mile. The road straight ahead beyond the trees is very uneven 
because it crosses an area of hummocky topography caused by uneven 
settling of strip mine spoil. 
T-road from left. Turn left (east). 
View to the right of the tipple of the abandoned Harmattan Mine. 
Continue ahead. 
Crossroad, Continue ahead. 
0.05 38.05 Stop 9. Exposure of Pleistocene and Pennsylvanian units in roadcut. 
W~ SW\ NE~ NE~ and E~ SEt NW~ NE~ Sec. 1, T. 19 N., R. 12 W., Vermilion 
County. Danville NW 7.5' quadrangle. . 
Figure 9 A and B identifies the rock units exposed in the roadcut and 
illustrates their positions. The Danville (No. 7) Coal and the Farmington Shale 
crop out on the east side of the road near the corner. The contact between the 
shale exposures and the till above them is corrugated. This unevenness may have 
been caused by preglacial erosion of the bedrock surface, by moving glacial ice, 
or possibly by a combination of the two processes. 
Although Kansan, Illinoian, and Wisconsinan glacial deposits are present, 
the roadcut provides a very incomplete section. There are, for instance, no Wood-
fordian tills. In this location--in front of the Newtown Moraine--one might expect 
A 
B 
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Fig. 9 - Sketches illustrating the physical relations of the Pennsylvanian and 
Pleistocene units exposed in the roadcut. (Not drawn to scale.) A- east side 
of road; B - west side of road. 
to find the Batestown, Glenburn, or Oakland Till Members, but they are absent. (See 
figure 4.) The Illinoian Radnor Till is also missing. Although some of these units 
may never have been deposited here, the glacial deposits younger than the Vandalia 
Till were evidently washed away by the meltwaters that laid down the gravelly out-
wash called the Henry Formation. Meltwater from the Woodfordian glacier that formed 
the Newtown Moraine drained down this valley--Hungry Hollow--to the Vermilion River. 
The two tills of Kansan age present here--the Hillery and Harmattan Tills--
are the oldest Pleistocene deposits observed on this field trip. These underlie the 
Tilton Till, which is at the base of the Emerald Pond Section (Stop 8). The Tilton 
and Smithboro Tills, which in some places lie bet\17een the Hillery and Vandalia Tills, 
are also missing from the section. 
The Danville (No. 7) Coal Member of the Carbondale Formation is the oldest 
bedrock unit to be observed in place on this field trip. Here only about 3~ feet of 
coal is exposed, the base being concealed. As noted previously, this particular coal 
averages close to 6 feet thick throughout this area. 
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Coal Mining in Vermilion County- The Harmattan Mine, Ayrshire Coal Co., 
Inc., AMAX, operated in this area from 1949 through April 1970, producing 15,116,438 
tons of coal. Overburden thicknesses averaged about 80 feet during the last years 
of this mine's existence, although thicknesses up to 104 feet were encountered from 
place to place. During 1970, the mine produced 184,873 tons of No. 7 Coal. 
The mined-over areas along the itinerary have resulted "from this particular 
operation. For some time during its development, the mine used two draglines to 
uncover the coal, and even experimented with underground mining from the highwall 
face. This latter was not successful because the overlying Farmington Shale is 
clo$ely jointed, thinly bedded, and relatively weak making it almost impossible to 
produce a safe roof above the mining operation. 
Coal is one of Illinois' most important mineral resources. The first 
discovery of coal in North America was in Illinois and was reported by Joliet and 
Marquette about 1673. Although early records are incomplete, it is known that coal 
was produced in the early 1800's in Vermilion County. During the period from 1855 
to 1865, the coal fields of several regions in Illinois, including those of the 
Danville area, were undergoing rapid development because of the growth of railroads 
and factories. The Danville area was very important because it was known that there 
were two widespread coals, each averaging between 5 and 6 feet thick under thin 
cover. 
In 1882, the first yearly reports by the coal operators were made to the 
state. At that time Vermilion County had 22 mines with 1,024 employees and a pro-
duction of about 343,500 tons of coal. In 1971, by comparison, only one mine was 
operating. It employed 30 men and had a reported output of more than 32,270 tons, 
which placed the county 20th among the 22 coal-producing counties of the state. 
Cumulative coal production reported for Vermilion County from 1882 through 1971 
amounted to about 164,934,878 tons. 
End of trip. 
THE OCCURRENCE OF GROUND WATER 
(The following quotation is from Circular 248: Groundwater Geology in East-Central 
Illinois ••• (1958) by Lidia F. Selkregg and John P. Kempton, pp. 3-9. 1wo figures 
are omitted.) 
Because groundwater occurs beneath the earth, hidden from view, it is often 
regarded as somewhat mysterious, and throughout human history many fanciful explana-
tions have been presented to describe its source, movement, and occurrence. Scien-
tific study has shown, however, that groundwater obeys physical laws or principles 
that are relatively simple and easily understood, although they may be comnlex in 
detail. Figure 2 shows diagrammatically the basic fundamentals of our present under-
standing of the source, movement, and occurrence of groundwater. 
Fig. 2. - Source, movement, and occurrence of groundwater. 
Tl1e source of groundwater is seepage into the earth of some of the moisture 
that falls as rain, snow, and ice. The tremendous quantity of water that falls on 
the land surface by precipitation is seldom fully realized; one inch of rainfall dis-
tributed over one square mile amounts to nearly 18 million gallons. However, only a 
small part of the precipitation actually enters the ground\vater reservoir. Host of 
it falls into lakes and oceans, runs off in streams, or is returned to the atmosphere 
by evaporation and transpiration. The remainder filters slowly into the ground to a 
level below which all available openings are filled with water. 
The top of this zone of saturation is called the \vater table. Under water-
table conditions, a well drilled or dug remains dry until it penetrates the zone of 
saturation; the position of the water table is then shown by the level at which water 
stands in the well. The water table is not level but conforms more or less to the 
features of the land surface. Where the water table intersects the land surface, 
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groundwater is discharged in the form of springs which feed perennial streams, lakes, 
and swamps. The water table rises or falls in response to the gain or loss of 
groundwater in the reservoir, so the water level in a ,.,ell that penetrates the satu-
rated zone (a "water-table" well) rises or falls with the water table. During 
extended dry periods shallow wells go dry when the water table drops below the bottom 
of the well. 
Groundwater moves, under the influence of gravity or in response to other 
pressure differentials, toward points of lower pressure, such as springs or discharg-
ing wells. The movement is slow because of friction between water and the walls of 
the small pores or other openings in the rocks. Under such conditions groundwater 
moves slowly by gravity flow in the direction of the slope of the water table. 
Groundwater is said to be confined or under artesian conditions where a 
saturated aquifer is overlain by a less permeable material that restricts the upward 
movement of the water. Under such conditions the water in the confined layer has a 
hydrostatic pressure that causes the water in a well to rise above the top of the 
aquifer. Where pressures sufficient to cause the water to rise above the land sur-
f ace are encountered in an artesian t-rell, the well will flow. 
To supply a pumped or flowing well, ground\vater must move through the 
aquifer toward the well. Under water-table conditions, pumping lowers the water 
table in the vicinity of the well and gravity induces groundwater to flow tmvard the 
well from adjacent areas. Under artesian conditions, pumping reduces the hydrostatic 
pressure in the vicinity of the well, and induces the flow of groundwater toward the 
well. The depression in the water table, or in the artesian pressure surface result-
ing from discharge, is in the form of an inverted cone with the well at the center 
and is called the cone of depression (fig. 2). 
Water is to be found everY'17here below the top of the zone of saturation, 
but successful wells can be constructed only where strata that will transmit water 
easily are present. The capacity of earth materials to accept, store, and yield 
water depends on the type, size, number, and degree of interconnections that can 
store and conduct groundwater. Sand and gravel aquifers store consiqerable water 
and transmit it readily. Other earth materials, such as clay and shale, may contain 
as much or more water per cubic foot as . sand and gravel, but they hold water in pores 
so small that it cannot be transmitted in usable quantities to wells. 
Sand and gravel deposits are water-yielding because the openings between 
the grains are large enough to allow relatively free movement of water. The most 
permeable water-yielding sand or gravel deposits are composed of grains that are 
nearly all the same size and coarser than granulated sugar. If large amounts of silt 
and clay are present in the spaces between the larger particles of sand and gravel 
they retard the flow of water. Sand and gravel deposits in the area of this report 
are from a few inches to about 200 feet thick. Deposits a few feet or more thick are 
generally suitable aquifers for drilled wells. Thinner deposits of sand and gravel 
may be suitable only fo.r large-diameter dug or augered wells. 
Sandstone formations also transmit groundwater through the openings between 
sand grains. The water-yielding capacity of sandstone depends upon the degree of 
cementation, size, and sorting of the sand grains. Any material in the openings 
between the sand grains reduces the water-transmitting capacity of the sandstone. 
Some sandstones are so thoroughly cemented that any water present moves through 
joints and fractures rather than between grains. 
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Relatively few \vells have been completed in sandstone in the area of this 
report. Locally, however, the St. Peter sandstone of Ordovician age and thin fine-
grained Pennsylvanian sandstones are groundwater sources (figs .•.• 5, ... ). 
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Fig. 5. - Cross sections of formations from west to east and from south 
to north in east-central illinois 
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Limestone and dolomite rocks are generally . tight and compac·t, and ground-
water moves only through cracks and solution channels. Wells drilled into these rocks 
are successful if the well penetrates water-bearing crevices. The presence and extent 
of these openings at any specific location are not readily predictable. The Niagaran-
Alexandrian dolomite (Silurian) is a source of groundwater in the northern part of the 
area where the dolomite is encountered at a shallow depth. 
Silurian and Devonian dolomite and limestone are the source of groundwater 
along the LaSalle anticlinal belt, where present below the drift (figs ..•• 5, ••• ). 
APPENDIX 
PLEISTOCENE GLACIATIONS IN ILLINOIS 
Origin of the Glaciers - During the past million years--the time called the 
Pleistocene Epoch--most of the northern hemisphere above the 50th parallel has been 
repeatedly covered by glacial ice. Four different times, ice caps formed in sub-
arctic regions and spread outward until they became ice sheets that covered northern 
parts of Europe and North America. In North America the four glaciations, in order 
of occurrence from the oldest to the youngest, are called the Nebraskan, Kansan, 
Illinoian, and Wisconsinan Stages. In the following pages the limits and times of 
the ice movement in the state are illustrated by several figures. 
The North American ice sheets developed in parts of eastern and central 
Canada during periods when the mean annual temperature waa perhaps 4° to 7° C. (7° -
13° F.) cooler than it is now and winter snows did not completely melt during the 
summers. Because the cooler periods lasted tens of thousands of years, thick masses 
of snow and ice accumulated to form ice caps. As the ice caps thickened, the great 
weight of the ice and snow piled in them caused their margins to flow outward, often 
for hundreds of miles. Ice caps and sheets evidently changed the climates of the 
regions they occupied, and the areas of snow accumulation probably grew as the ice 
sheets expanded. 
Tongues of ice--lobes--grew from the faster spreading margins of the ice 
sheets and some flowed southward from the Canadian centers around Hudson Bay and 
converged in the central lowland between the Appalachian and Rocky Mountains. In 
the lowland, which has since Paleozoic times held the courses of A~erica's largest 
river systems, the glaciers made their farthest advances to the south. The sketch 
on the next page shows several centers of flow, the southern extent of glaciation, 
and the general directions of flow from the centers. Because Illinois lies entirely 
in the central lowland, it has been invaded by glaciers from every center--from the 
first glaciation about a million years ago, to the last, a mere 12,500 years ago. 
Effects of Glaciation - Pleistocene glaciers and the waters melting from 
them changed the landscapes they covered. The glaciers scraped and smeared the 
landforms they overrode, leveling and filling many of the minor valleys and even some 
of the larger ones. Moving ice carried colossal amounts of rock and earth, for much 
of what the glaciers wore off the ground was kneaded into the moving ice and carried 
along, often for hundreds of miles. 
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The continual floods shed by melting ice 
trenched new drainageways, deepened old ones, partly 
refilled both with sediments, and washed great quantities 
of rock and earth beyond the glacier fronts. According 
to educated guesses, the amount of water drawn from the 
sea and changed into ice during a glaciation was probably 
enough to lower sea level to somewhat more than 300 feet 
below present level. Consequently, the volume of melt-
water available in a continental ice sheet to erode and 
transport sediment is so great that it is difficult to 
imagine. 
In most of Illinois, then, glaciers and their 
meltwaters buried the old rock-ribbed, low, hill-and-
valley terrain and created the flatter landforms of our 
pra~r~es. The mantle of soil material and the deposits 
of gravel, sand, and clay left by the glaciers over 
about 90 percent of the state have always been of incalculable value to Illinois' 
residents. 
Glacial Deposits - The deposits of earth and rock materials moved by a 
glacier and deposited as the glacier advances or melts are collectively called 
drift. Drift that is thought to be ·ice-laid is called till. Water-laid drift is 
called outwash. Pleistocene glaciations created many till and outwash forms that 
can still be recognized. 
Ice-laid drift--till--is deposited when earth and rock carried in the 
bottom of the ice are scraped off and plastered down, or when a glacier melts and 
the rock and earth it carries slumps to the ground. Because its sediments are not 
moved much by water, a till is unsorted (contains particles of different sizes and 
compositions) and unstratified (unlayered). A till may contain materials ranging 
in size from microscopic clay particles to large boulders. However, tills in 
Illinois generally occur as pebbly clays. 
Tills may be deposited as end moraines, the arc-shaped ridges that pile 
up along the glacier edges where the~owing ice cannot move the ice front forward 
--perhaps the ice is melting as fast as it moves forward, or perhaps the front is 
lodged on a ridge or slope. Till also may be deposited as ground moraines, or till 
plains, which are gently undulating sheet deposits dropped in place when the ice 
stagnated. Deposits of till identify places once covered by glaciers. Northeastern 
Illinois has many alternating broad ridges and level tracts, which are the succes-
sion of end moraines and till plains deposited by the Wisconsinan glacier. 
Sorted and stratified drift carried into place by water melting from the 
glacier is called outwash. As a meltwater stream washes the drift sediments along, 
it sorts them by size--lighter sands and clays are, as a rule, carried far«her 
downstream than heavier gravels and cobbles. Outwashes are bedded or layered 
because the flow of water depositing them changes. If the flow of water dropping 
sand in a particular place increases and runs faster, the water can carry heavier 
sediments farther and, perhaps, deposit gravel on the sand. Typically, Pleistocene 
outwashes in Illinois are multi-layered beds of clays, silts, sands, and gravels 
that look much like modern stream deposits. 
Outwash deposits are found in the area covered by the ice field and 
sometimes far beyond it. Because meltwater streams run off the top of the glacier 
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and in cracks under the ice, outwash features can be found where the glacier lay. 
In some places, the cobble-gravel-sand filling of the bed of a stream that flowed 
in the ice is preserved on the till plain as a sinuous ridge called an esker. Cone-
shaped mounds of coarse outwash, called kames, are formed where meltwater plunged 
through crevasses in the ice or into ponds along the edge of the glacier. 
The finest outwash sediments, the clays and silts, formed bedded deposits 
in the ponds and lakes that filled glacier-dammed stream valleys, the sags of the 
till plains, and some low, moraine-diked till plains. Meltwater streams entering a 
lake quickly lose speed and almost immediately drop the sands and gravels they 
carry, forming deltas at the edge of the lake. Very fine sand and silts are moved 
across the lake bottom by wind-generated currents, and the clays, which are trans-
ported in the water the longest, slowly settle out and accumulate with them. 
Everywhere along the ice front, meltwater runs off in innumerable shifting 
and short-lived streams that lay down a broad, flat blanket of outwash that forms 
an outwash plain. Outwash is also carried away from the glacier in rivers cut by 
floods of meltwater. The Mississippi, Illinois, and Ohio Rivers were major channels 
for meltwaters and were greatly widened and deepened during times of the greatest 
meltwater floods. When the floods waned, these valleys were partly filled with 
outwash far beyond the ice margins. These outwash deposits, largely sand and gravel, 
are known as valley trains. Valley trains may be extensive and thick deposits. For 
instance, the valley train of the Mississippi Valley is more than 200 feet thick 
along much of its length. 
Loess and Soils - One of the most widespread sediments associated with 
glaciation was carried, not by ice or water, but by wind. Loess, the name given to 
such deposits of wind-blown silt and clay, covers the surface of most of Illinois. 
The silt was blown from floodplains of the valley trains. Most loess deposition 
occurred in the fall and winter seasons, when cold temperatures stopped the thawing 
and caused meltwater floods to recede, exposing the surfaces of the valley trains 
and permitting them to dry out. During Pleistocene time, as now, the west winds 
prevailed, and the loess deposits are thickest on the east sides of the source 
valleys. The loess thins rapidly away from the valleys. 
Each Pleistocene glaciaticn was followed by an interglacial stage that 
began when the climate warmed enoug~ to melt the glaciers and their snowfields. 
During these warmer intervals, when the climate was similar to that of today, drift 
and loess surfaces were exposed to weather and used by living things. Consequently, 
over most of the glaciated terrain that was above water, soils developed on the 
Pleistocene deposits and changes in composition, color, and texture took place in 
zones beneath their surfaces. Often such soils were destroyed by later glacial 
advances, but if they survive, they serve as keys to the identity of the covering 
beds and are evidence of the passage of a long interval of interglacial time. In 
the glaciated parts of Illinois, the sides of almost every new roadcut and ditch 
show soil and weathering zones as wide bands in tones of brown, red, yellow, or 
gray. 
TIME TABLE OF PLEISTOCENE GLACIATION 
STAGE 
HOLOCENE 
WISCONSINAN 
(4th glacial) 
SANGAMONIAN 
(Jrd interglacial) 
ILLINOIAN 
(Jrd glacial) 
YARMOUTH IAN 
(2nd interglacial) 
KANSAN 
(2nd glacial) 
AFTON IAN 
(1st interglacial) 
NEBRASKAN 
(1st glacial) 
SUBSTAGE 
Years 
Before Present 
7,000 
Valderan 
- 11,000 
Twocreekan 
- 12,500 
Woodfordian 
-
20,000 
Farmdalian 
- 28,000 
Altonian 
75,000 
200,000 
Jubileean 
Monic an 
Liman 
250,000 
600,000 
700,000 
900,000 
1,000,000 
(Illinois State Geological Survey, 
NATURE OF DEPOSITS 
Soil, youthful profi~e 
of weathering, lake 
and river deposits, 
dunes , peat 
Outwash, lake deposits 
Peat and alluvium 
Drift, loess, dunes, 
lake deposits 
Soil, silt, and peat 
Drift, loess 
Soil, matur~ profile 
of weathering 
Drift, loess 
Drift, loess 
Drift, loess 
Soil, mature profile 
of weathering 
Drift, loess 
Soil, mature profile 
of weathering 
Drift 
1971) 
SPECIAL FEATURES 
Outwash along 
Mississippi Valley 
Ice withdrawal, erosion 
Glaciation; building of 
many moraines as far 
south as Shelbyville; 
extensive valley trains, 
outwash plains, and lakes 
-
Ice withdrawal, weathering 
and erosion 
Glaciat i o n in nor thern 
Illinois, va lley trains 
along 1na j or rivers 
Glaciers from northeast 
at maximum reached 
Mississippi River and 
nearly to southern tip 
of Illinois 
Glaciers from northeast 
and northwest covered 
much of state 
Glaciers from northwest 
invaded western Illinois 
SEQUENCE OF GLACIATIONS AND INTERGLACIAL 
DRAINAGE IN ILLINOIS 
I. 
NEBRASKAN 
inferred glacial I imit 
LIMAN 
glacial advance 
ALTON IAN 
glacial advance 
6. 
AFTON IAN 
major drainage 
MONICAN 
glacial advance 
WOODFORD IAN 
glacial advance 
KANSAN 
inferred glacial limits 
JUBILEEAN 
glacial advance 
WOODFORDIAN 
Valparaiso ice and 
Kankakee Flood 
YARMOUTH IAN 
major drainage 
SANGAMONIAN 
major drainage 
VALDERAN 
drai nooe 
(From Willman and Frye, "Pleistocene Stratigraphy of Illinois," ISGS Bull. 94, 
fig. 5' 1970. ) 
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DEPOSITIONAL HISTORY OF THE PENNSYLVANIAN ROCKS 
At the close of the Mississippian Period, about 310 million years ago, 
the Mississippian sea withdrew from the Midcontinent region. A long interval of 
erosion took place early in Pennsylvanian time and removed hundreds of feet of 
the pre-Pennsylvanian strata, completely stripping them away and cutting into 
older rocks over large areas of the Midwest. An ancient river system cut deep 
channels into the bedrock surface. Erosion was interrupted by the invasion of 
the Morrowan (early Pennsylvanian) sea. 
Depos1tional conditions in the Illinois Basin during the Pennsylvanian 
Period were somewhat similar to those that existed during Chesterian (late Missis-
sippian) time. A river system flowed southwestward across a swampy lowland, car-
rying mud and sand from highlands in the northeast. A great delta was built out 
into the shallow sea (see paleogeography map on next page). As the lowland stood 
only a few feet above sea level, only slight changes in relative sea level caused 
great shifts in the position of the shoreline. 
Throughout Pennsylvanian time the Illinois Basin continued to subside 
while the delta front shifted owing to worldwide sea level changes, intermittent 
subsidence of the basin, and variations in the amounts of se~iment carried seaward 
from the land. These alternations between marine and nonmarine conditions were 
more frequent than those during pre-Pennsylvanian time, and they produced striking 
lithologic variations in the Pennsylvanian rocks. 
Conditions at various places on the shallow sea floor favored the deposi-
tion of sandstone, limestone, or shale. Sandstone was deposited near the mouths 
of distributary channels. These sands were reworked by waves and spread as thin 
sheets near the shore. The shales were deposited in quiet-water areas--in delta 
bays between distributaries, in lagoons behind barrier bars, and in deeper water 
beyond the nearshore zone of sand deposition. Most sediments now recognized as 
limestones, which are formed from the accumulation of limey parts of plants and 
animals, were laid down in areas where only minor amounts of sand and mud were 
being deposited. Therefore, the areas of sandstone, shale, and limestone deposi-
tion continually changed as the position of the shoreline changed and as the delta 
distributaries extended seaward or shifted their positions laterally along the 
shore. 
Nonmarine sandstones, shales, and limestones were deposited on the deltaic 
lowland bordering the sea. The nonmarine sandstones were deposited in distributary 
channels, in river channels, and on the broad floodplains of the rivers. Some sand 
bodies, 100 or more feet thick, were deposited in channels that cut through many of 
the underlying rock units. The shales were deposited mainly on floodplains. Fresh-
water limestones and some shales were deposited locally in fresh-water lakes and 
swamps. The coals were formed by the accumulation of plant material, usually where 
it grew, beneath the quiet waters of extensive swamps that prevailed for long inter-
vals on the emergent delta lowland. Lush forest vegetation, which thrived in the 
warm, moist Pennsylvanian climate, covered the region. The origin of the underclays 
beneath the coals is not precisely known, but they were probably deposited in the 
swamps as slackwater muds before the formation of the coals. Many underclays con-
tain plant roots and rootlets that appear to be in their original places. The for-
mation of coal marked the end of the nonmarine portion of the depositional cycle, 
for resubmergence of the borderlands by the sea interrupted nonmarine deposition, 
and marine sediments were then laid down over the coal. 
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Paleogeography of Illinois-Indiana region during Pennsylvanian time. The 
diagram shows the Pennsylvanian river delta and the position of the shore-
line and the sea at an instant of time during the Pennsylvanian Period. 
Pennsylvanian Cyclothems 
Because of the extremely varied environmental conditions under which 
they formed, the Pennsylvanian strata exhibit extraordinary variations in thick-
ness and composition, both laterally and vertically. Individual sedimentary units 
are often only a few inches thick and rarely exceed 30 feet thick. Sandstones and 
shales commonly grade laterally into each other, and shales sometimes interfinger 
and grade into limestones and coals. The underclays, coals, black shales, and 
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limestones, however, display remarkable lateral continuity for such thin units 
(usually only a few feet thick). Coal seams have been traced in mines, outcrops, 
and subsurface drill records over areas comprising several states. 
The rapid and frequent changes in depositional ~nvironments during 
Pennsylvanian time produced regular or cyclical alternations of sandstone, shale, 
limestone, and coal in response to the shifting front of the delta lowland. Each 
series of alternations, called a cyclothem, consists of several marine and non-
marine rock units that record a complete cycle of marine invasion and retreat. 
Geologists have determined, after extensive studies of the Pennsylvanian strata in 
the Midwest, that an ideally complete cyclothem consists of 10 sedimentary units. 
The chart on the next page shows the arrangement. Approximately 50 cyclothems 
have been described in the Illinois Basin, but only a few contain all 10 units. 
Usually one or more are missing because conditions of deposition were more varied 
than indicated by the ideal cyclothem. However, the order of units in each cyclo-
them is almost always the same. A typical cyclothem includes a basal sandstone 
overlain by an underclay, coal, black sheety shale, marine limestone, and gray 
marine shale. In general, the sandstone-underclay-coal portion (the lower 5 units) 
of each cyclothem is nonmarine and was deposited on the coastal lowlands from which 
the sea had withdrawn. However,' some of the sandstones are entirely or partly 
marine. The units above the coal are marine sediments and were deposited when the . 
sea advanced over the delta lowland. 
Origin of Coal 
It is generally accepted that the Pennsylvanian coals originated by the 
accumulation of vegetable matter, usually in place, beneath the waters of exten-
sive, shallow, fresh-to-brackish swamps. They represent the last-formed deposits 
of the nonmarine portions of the cyclothems. The swamps occupied vast areas of 
the deltaic coastal lowland, which bordered the shallow Pennsylvanian sea. A 
luxuriant growth of forest plants, many quite different from the plants of today, 
flourished in the warm Pennsylvanian climate. Today's common deciduous trees were 
not present, and the flowering plants had not yet evolved. Instead, the jungle-
like forests were dominated by giant ancestors of present-day club mosses, horse-
tails, ferns, conifers, and cycads. The undergrowth also was well developed, con-
sisting of many ferns, fernlike plants, and small club mosses. Most of the plant 
fossils found in the coals and associated sedimentary rocks show no annual growth 
rings, suggesting rapid growth rates and lack of seasonal variations in the climate. 
Many of the Pennsylvanian plants, such as the seed ferns, eventually became extinct. 
Plant debris from the rapidly growing swamp forests--leaves, twigs, 
branches, and logs--accumulated as thick mats of peat on the floors of the swamps. 
Normally, vegetable matter rapidly decays by oxidation, forming water, nitrogen, 
and carbon dioxide. However, the cover of swamp water, which was probably stag-
nant and low in oxygen, prevented the complete oxidation and decay of the peat 
deposits. 
The periodic invasions of the Pennsylvanian sea across the coastal swamps 
killed the Pennsylvanian forests and initiated marine conditions of deposition. The 
peat deposits were buried by marine sediments. Following burial, the peat deposits 
were gradually transformed into coal by slow chemical and physical changes in which 
pressure (compaction by the enormous weight of overlying sedimentary layers), heat 
(also due to deep burial), and time were the most important factors. Water and 
volatile substances (nitrogen, hydrogen, and oxygen) were slowly driven off during 
the coalification process, and the peat deposits were changed into coal. 
, PD - 4 
Coals have been classified by ranks that are based on the degree of 
coalification. The commonly recognized coals, in order of increasing rank, are 
(1) brown coal or lignite, (2) sub-bituminous, (3) bituminous, (4) semibituminous, 
(5) semianthracite, and (6) anthracite. Each increase in rank is characterized by 
larger amounts of fixed carbon and smaller amounts of oxygen and other volatiles. 
Hardness of coal also increases with increasing rank. All Illinois coals are clas-
sified as bituminous. 
Underclays occur beneath most of the coals in Illinois. Because underclays 
are generally unstratified (unlayered), are leached to a bleached appearance, and 
generally contain plant roots, many geologists consider that they represent the 
ancient soils on which the coal-forming plants grew. 
The exact origin of the carbonaceous black shales that occur above many 
coals is uncertain. The black shales probably are deposits formed under restricted 
marine (lagoonal) conditions during the initial part of the invasion cycle, when the 
region was partially closed off from the open sea. In any case, they were deposited 
in ~ quiet-water areas where very fine, iron-rich muds and finely divided plant debris 
were washed in from the land. The high organic content of the black shales is also 
in part due to the carbonaceous remains of plants and animals that lived in the 
.lagoons. Most of the fossils represent planktonic (floating) and nektonic (swim-
ming) forms--not benthonic (bottom dwelling) forms. The depauperate (dwarf) fossil 
forms sometimes found in black shales formerly were thought to have been forms that 
were stunted by toxic conditions in the sulfide-rich, oxygen-deficient waters of the 
lagoons. However, study has shown that the "depauperate" fauna consists mostly of 
normal-size individuals of species that never grew any larger. 
, 
1 
Shale, gray, sandy at top; contains marine fossils and 
ironstone concretions, especially in lower part. 
Limestone; contains marine fossils. 
Shale, black, hard, laminated; contains large spheroidal 
concretions and marine fossils. 
Limestone; contains marine fossils. 
Shale, gray; pyritic nodules and ironstone concretions 
common at base; plant fossils locally common at base; 
marine fossils rare. 
Coal; locally contains clay or shale partings. 
Underclay, mostly medium to light gray but dark gray at 
top; upper part noncalcareous, lower part calcareous. 
~"""'T-.,...-........ ..:.......t- Limestone, argillaceous; occurs in nodules or discon-
tinuous beds; usually nonfossiliferous. 
Shale, gray, sandy. 
Sandstone, fine grained, micaceous, and siltstone, 
argillaceous; varies from massive to thin bedded; 
usually has an uneven lower surface. 
AN IDEALLY COMPLETE CYCLOTHEM 
(Reprinted from Fig. 42, Bulletin No. 66, Geology and Mineral Resources of the Marseilles, 
Ottawa, and Streator Quadrangles, by H. B. Willman and J. Norman Payne) 
' 
TRILOBITES CORALS FUSULINIDS 
Fusulino acme 5 x 
Fusu/ina girtyi 5 x 
Ameuro songomonensis Lophophllidium pro/iferum I x 
OJJomopyge porvulus I lf2 x 
CEPHALOPODS 
Pseudorthoceros knoxense I x 
Glophrites welleri 213 x 
BRYOZOANS 
Fenestrellino mimico 9x 
Fenestrellino modesto lOx 
Fistulipora carbonorio 3 113 x 
lepidodendroides 
Gx 
Metococeros cornu tum 11/2 x. Prismoporo triongulato 12 x 
PELECYPODS 
Nuculo (Nuculopsis) girfyi I x Asfortello concentrico I x 
Edmonio ova to 2 x 
Ounborello kniqhfi I ~2 x Cordiomorpho missouriensis 
"Type A" I X 
Cordiomorpho missouriensis 
"Type B" I lf2 x 
GASTROPODS 
• Euphemites corbonorius I lf2 x 
Trepospiro illinoisensis I lt2 x 
Oonoldino robusto 8 x 
Noticopsis (Jedrio) ventricose 11.!2 x Trepospiro sphoeruloto I x 
Kniohtites montfortionus 2 x Globrocingulum (Giobrocingulum) groyvillense 3x 
BRACHIOPODS 
• 
Wellerello tetrahedra 11t2 x 
Juresania nebrascensis 
Oerbya crosso 111 Composito orgentia I x 
Neospirifer comeratus I x 
Chonetes granulifer I lt2 x Mesolobus mesolobus vor. evompygus 2 x Morginifera splendens I x 
Crurithyris planoconvexa 2 x Linoproductus "cora" I x 
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Bond and Mattoon Formations 
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older formations along 
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